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(54) DIGITAL DELAY CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a digital delay 
circuit that can enhance the delay resolution without 
employing a high-speed clock signal. 
SOLUTION: A latch 20 latches data RDATA read from a 
dual port RAM 10 and further a latch 22 latches the data 
RDATA. The latch 20 executes latching in timing of a 
reference clock CLK and the latch 20 executes latching 
in timing of a delayed clock CLKD. A very-small-delay 
element 24 delays the reference clock CLK to produce 
the delay clock CLKD. 
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£>i±\ If^n7 ^CLKcoiJ^aj ( = l/f ) i *)i> 

mfr&mmm*$m?$ h . mt&. mm? □ y ? c 

LKcOj3Ji£$Cf tfl 0 0 M H z X'htxAi . fi7;W- 
h RAM 1 0 Srfflt^HI»ffl5^fc:*Jtt4 jlSE^MWffitt 1 
/100MHz=10nse cT" W 34 

y%t2 4 b £«j£-r.g>#T -f W Xc&ft-f.)!®* 
f3** l/32nsec T-eil^-r ^ W7^f V^AIIS^' 

3 21 (R'MiiiDELAYPIi5b'7M &£>tt', 
«/WMBIff 2 4 *J^fcEI»S#fc:*sW-£>I5i#«MB 
lil/32nsec lZ%*)&JMW%1SilZ Insect 

MStU, farW-hRAMlOSfflV^ 

w^ttmmxitmm? o y ? c l k^jsjjsss: f £_wf 

C L K O/iM f $r±{f^r^-C1#i»>I k A^TS^c^ S . 
3SHk A/D3yA'-^ l 2MD/A3VA'-^ l 4 
«V/l/f71/ y ? AtBIMk, y>f -f 5 -y ? Wi/VMfh 



AM l 0 £fflvtf:ElB»#T5e* &*:a6foi#i$fflk [IS 
JgfcLLk-t&Ck*n:'g<£. 

[ 0 0 2 8 ] 04 fc, *lfeHB«SPS 2S06®JBKCfift ^ -r 

•f. *m&&miZl$^Xl3., 77f 20K7"'f22 
l-^&SS&k LT . 5 7f2 6atA"2S4lM:^ 
3 0*«*«Wi:, 7 yf-3 2&tf 3 4MCA>( yf- 
3 O^&igS&kA*. tSft^ixT^S. 7 7f2 6E ( 
3 2 IZttm LX 24W5S 3 6 A\ 7 y 2 SSt>'3 4 <C 

nmtx2^m»3 8ifi. wvwuwtfcfuo**. 2 
#js»3 6ii. xi)? 4 syrmwmm a ozitLxm 
tezti&mm? 07klkj 2^ -r* - k tj: 0 . 
«i?07?cLK»i/2 fgcossas <ssa^ 

0-y?CLK l&I/CLK 2 teSS^O"/? 
CLK 1 k®3S^O y^CLK 214SA4C1/2IOT)- 

[0029] 4 . i^J-M*^ 2 4 tiATJ * -f 5 

wms&A 0 Lmteztiz i^mma. delayp 

SE^a-y^CLKD<01/2f&Offlj«aS*ir^*aiSte 
S?07^CLKD l&yCLKD2£±j£-t&. Jl® 
B^n7;CLKD 1 ka®<KS^ay^CLKD2 
{±51 1 / 2 JSlWTi-TiX^ffiffi L T ^ £ . 4 , 
ffiaI7u-y?CLKl StX C L K 2 jiffiiSSS^ 
07?CLKD1MCLKD2 (VMMmmiZ . 
D7?CLK fcStTSJSi^ D7?CLKD COMM&fffl 

trnmrnzm^K zlx. as^j^-r 5 >-^0jwm»4 

214. ilK^n-y^CLKDtPIWL-CX'f yf-ft^S 
WS:^$-y:. 77f28S^34^?n 7 ^CL 
KDtf01iM^^3StC. 5 y*2 2<,zmm^h. 
[0030] 7>yf-2 0<om7Ji±* 

*?n7?CLK (C|5]SS LX3£iti-& „ *ISJi^«gT' 
(4, ^ixS:. filWfia^nv^CLK lM'CLK 
2cr)^^f 5 >-i?'T'9 y f - 2 6X1/ 3 2tCi 0 7 -y f-f 
■S. ffii;D7;CLKlSl/CLK2 ^M^'lf 
7D7?CLK(7)^ig[f«l/2t*l.wi:i:, fftM 
;o77CLK ltB?D7?CLK2fc«:i/ 
2Jl|^^fiffl^'fe-l.«IkA^. 5 y^-2 0c7)tll7J^ 
d*>. 7 y-?-2 6A i '(SSiC#e^7-'-^ (RDATA1) 
DO, D2, D4, ■••^77fU, 7 7f3 2^'«lf 
@C0t-^ (RDATA2) D 1 , D3, D5, - iy 
•yf-Ti.. k^dJ:d(C 7yf 2 6W3 2<07 7f 
*fiR<±S*Sf r -^k*S. 4Ac. 5 7f2 8M3 4 
■yf-^'f 5 y^'ti. iii?D7;CLKDi> 
^^Bit L7t ilffifgil? H77CLKD1 S^'C L K D 2 
tcj: K>-^t btiX^htztb, 7 y f-2 6.&t>'3 2 
1.7 7^^ Sy/lC»U«'l>iilDE LAYPffl 

%ttt3mmLx^&. t*oT. ie;d7^clkd 
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#*.&**£7-yf-3 2fc:J: t )y yf-28&X/34<r>tHf} 
&7>y+~f&ZkX\ 7v^-32frh\t. WhW&mV 

RDATA#W:>ft-S>. 

[003ii£*>j:dtc. *ntmmxn, wmmm 

f28 CDfflRTf? -v^3 2t7-y^3 4t cr>W\X\ 
LT^&. HP*>, 77f26St/32«l77ff 

5-yf-2 8atX3 4 3&«SS2 5-yf-*a-C*0. 7 7 
f2 0liS0 7 7^1tU, 77f2 2li(X^7 

* 3 o t \&m lt ) m 3 7 -y ltw^-t h . * 
£ , as i &tfss 277 f-#a * ^-ix-einsii 7 d y 9 c 

LKlfL<liCLK2XliISfijt^07?CLKD 
l^t<{±CLKD2(Cfl£UiM^S-tt"r^4!t«>. *<0 
7 7fimj. S? 1 IQOBJBKtStti'tilfcJt^T 1 / 
2c0jSS(c ; Sr^« IP*>. fcl.f-^J7 7fLTA^»: 
cof- * £ 7 y f-t h & T-comffltf (il^'yyCL 

[0032] Cl£T^3<g»W*ISI«0fcrS»O* ■ ££r 
ti, «/I>aiffi»DELAYP(?)SeHfc:B8*)Sg8Sipi5>Sf 

1 7 -y f-#a • * 2 5 y f-#gaBns-^gj«e»K:fc»ti 

<OittK3aaH«JSB*con -y Mf6ofcfc:.fcoT±fc&. 

fffs&ass 1 sat»j»T« . $ 1 2 7 y ( 7 
•yf-2oai/2 2 ) ^ftcna^tf cr>?n y7t,zmmv 

X7»/1-£m?rLX^&t:tb, icotf 6o#«^«S3» 
#7 y f-JSJW= 1/f fcJt»UdSS9E(=^*^i:V^ 

E L A Y P«TJRE«5Ht:«|#«»*«*>A»oT < S . iftfc:** 
LT. SS2Sat»!BrCtt» ^lS^277ffg (7 
■y^-26^L<H3 2M28f L<li34 ) 
iSSSC f / 2 tfD7 D </ 7 |c HOW LT 7 y ?-£»t LT £ 

«i fc jt« t a & skc^c * < ^ 4 ^ a tfswiu&ffli 

DELAYP *ffiU«gffl^fkS-li-S i t 

[ 0 0 3 3 ] Mtc, 124 Lfc A* * A S V?Wm 
»4 0(i, S*70 y7CLK^M-f|,*l8iff$l]ffl)^^ 

4«/hjIffi»DE LAYP<?5Sft«S:3gjer4Wat=. R 
'NlffiSH 1 2 4 #>£><7)jI$£7 o y 7 C L K DOgBBlcSL 

ft #£L\ -eixniotma^a*^ 

jEtt-flrf* >Iix2rjgtt.g»/ci6, i6fc^f 

A:/}?-* 5>?'*Mf[IlS£4 0U;. *hS*»4>8t/h 
SIMM DELAYP *>ffl»a**H* $ ft* t $ ( */\Mfr$> 

wp*2tL& m^mmm delayp omtf&fc ttct 



S) . fi»/ha®^2 4 (ftI/2^«»36 ) tzttt& 

(OHt. SM>aSE*^ 2 4 CJt LfrfeilR/jNjiSaiD E 
LAYPiJS* • H??D77CLK« 
*<B Bfl L/cB^T'li . R/hSMSI^ 2 4 PV57. -< ■■/ ^ 

wn«<nic seje l x w h , ± asowsw* t * ^ . 

[ 0 0 3 4 ] H7 (c. *f6HH^)*Sltt»H8<7)jFiJffl«*g<y) 

sa^-h («hs) ■t&fzMzmmzii&ms.x'fo*) . 

^*is»gj^fcfc*t4e«iiiiEi*ias:«08-*-sjtrto 
jgffiiuss4 4 i&mmcv&mmizwo 0-7* 

-7h44bitLTHS. ifc. 5^7i-y"y/ 
*«W*fcftfe:U-f 'J-7x-^> ^Jgi- y h4 
4btM?iJfc7-fXffl#jDJ-- y h4 4c$-|SitTt>J: 
V\ #l^-f l J-7i-y'yy'IIa-7 N4 4 b.&l>'7 
^ XfflftJni--y t-4 4 cii. jga. Tfy/jf^-ri.^ 

tz^tb. 9\-mfrL>mm mm i *fmx'$>&, mmmz 
w^h\i)mmt\t>m§4 6 tj: v#»«4 4 

fcl#SS*t4. llvU4 4«3^ffl§iltU|, too 

waeffltteff i.f'f jy*^ >imumm . z <rm<n 7i-y 

^5aU- ^tC*3{tSilSini8S44at LT . ffl^ 

sc:t**T"^4. ztiizx-ix. mwmwfttiTa ? ? 
a >wmmmz&if&mm%m%icoimmtf± 

mzm^Lfz 1 n s e cfflfctimfStlK £S^Ti±0 . 
3m<oe»*fc:fflS-r& < ii:fc:. 9KS*Ut^. 

[ 0 0 3 5 1 jsui. ^wmmm^mmmi-zmLxm 

WUfc**. *»Bg(±fficojgjBfc:J: ^xmmth z t LT* 
§ i. . #J;t (f r a T /M*- h R A M 1 0 (Cft X 3 fflfeJLL 
or 7 -fe x tK- h $r^-r & -?;u^*r- hRAMJrfv^ 

Tu-F/7-f M=£fflf &&mx-i>. *m\%mmx' 

§ 4 . y-7 V* T?y? 16 IZftz. X T v 7*1 -7 V? 5r . 

XWA DRS *^gg{UT F U X R A D R S %£&fth<r> 
XlKc < . mzmtUT K l/XRAD R S*^fii7 F U 
T.WADRSSr^-rSiatLTijJ;^. R/hilffi* 
^ 2 4 (id 2 fcjj? L^«K^»W^ L^raq 0 p(c|5S5t$ix.i. 
i WT'Ji^T ^\ 04 T'fia® ^ D 7 ?CLKDJ:2^ 
LTSffif£il7 D y 7 C L K D 1 RT/C LKD25rM 
LTV^*^ (S3l^n-y7CLK l&i;CLK2Sia'h 
^rHfijitUtT Sffiffia^ Oy^CLKDl M'C L K 
D 2 & <k -5 L-T i> X ^. 27»i{i N «-)g(c— 

8Hfc"C £ 5 . 7>il^^JSD LT 7 y f-^ffl^7 P7 7^ 
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c hi 3 xmicom i mmmm^h -r < ^>^mm 

C H 3 ] IS 1 ^^ffi<7)»#^^-r ^ 5 ^ - 
[@6] S2^Sm^wfc(t-5,^B)faiJfflI^ira-rs 



[09] -r jl T/^-tf- h RAM*rfflt ^cS®.«0a<?5S 

1 0 f* T/U-i-'- h RAM. 1 2 A/D3 >V \- 
^, 14 D/A3yy(-?, 16 y^vfi^v?. 
1 8 flng:^ 20. 22. 26. 28. 32. 34 
7 7f. 2 4 Whmmm^. 24a 
lx?^ 2 4bf^ f«L 3 0 ^"/f, 3 

6.3 8 2^-jgn. 4 0 atj;$m iyrmwmsz. 
42 tH^i * >r s >-^ - $i)ffliiH]s^ . 4 4 mm; . 4 4 

a iSSEdlKL CLK ii^Oy?, CLK1, CL 
K2 ffijf?a-y;/\ CLKDIg^o-;?, CLKD 
1.CLKD2 igfia?07?. DO. Dl. -D 
7 t-?, DELAY DELAYP |R/J\ 

ilffiS. f SJi^O y^cTJjSl^fi. RAD R S Mltii 
7K1/X, RDATA, RDATA1. RDATA2 
WffiiT-?. WADRS SjiTKlxX. WD ATA 



[an 




foELATP 



[06] 



<ocuc 



_n_TL 



cue 



^ODELAYI 
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[02] 



imsi 




24b : +4 1,4 U>m 



CLK 




«H H (DEUYP) 

CLKD 



RDATAiB*) 



gar "^T^T^^T^T^nf 

M M M 



[H4] 



20 



(ft) 



RDATA. 



CU 



am 



36 v 



RDATA 1 



TOATA2 



jCLK2 



CLKD1 



5 



LP 



CLKD2 



A* 



24 



2£HS 



CLKE 



38 



40 



CUD 



14 




[07] 



JL 



44b 



.44c 



44 



44 

T 



\s4 V-~7j:-*»VmmD^-v b 



44a 



i 
1 

.44b 



44 

r 
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[05] 



[H9] 



i/f 



jn_ja_rL_n_TLn_rL £ 



OKI 

aK2 

RDATAItti^l 

ROATAZiii^ 

CLKD 

CLKD1 

CLKD2 



RDATAItU^ 
RDATA2iB*J 
RDATAikJ) 




>- (DELAYP) 

uiTJ~LJn_rLrLrLn 



05 




DO X 02 A* »4 T H 



H H 

1/f+(DEUYP) 



10 



7HUX0 



7HUX1 



7HI/X2 



7HI/X3 



7HUX4 



7HI/X6 



7 K U*1B383 



<16kword) 



1> 

RAORS ---- * 



0ELAY=3^fl 



= 1/f 

»gB3 H = mkftim X DELAY 
=*DELAY/ f 



[08] 




7ny b^-is<DM% 
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F^-A(#^) 5B079 CC02 CC17 DD06 

5J001 AA11 BBOO BB22 DD09 



